The feeding value of high-oil corn fed to Taiwan Country (TC) chicken was examined by measuring apparent metabolizable energy (AME), growth performance, sexual maturity, carcass characteristics, and plasma pigmentation. In a completely randomized design, 870 sex-intermingled one-wk-old chicks were assigned to one of 30 floor pens, 29 birds per pen, and each pen randomly assigned to one of five dietary treatments. The experiment was ended when birds were 16 wk of age. The five dietary treatments varied in main fat sources, which were corn oil (CO), high-oil corn (HOC), lard (LRD), whole soybean (WSB) and yellow corn (YC), respectively. All the diets were formulated isonitrogenously, isocalorically, and of equal lysine and methionine contents except YC, in which equal amounts of YC replaced HOC. The results indicated that feed conversion in HOC was 8% higher (p<0.05) than YC whereas the calculated AME of HOC was only 3.5% to 4.0% higher than that of YC. No significant differences were observed in body weight, body weight gain, feed consumption, feed conversion ratio and ME efficiency for body weight gain among CO, HOC, LRD, and WSB. No significant differences existed in both skin and muscle pigmentation of breast among the five dietary treatments. No significance differences existed in plasma carotenoid content measured at various ages among the five dietary treatments except that birds fed with HOC had less (p<0.05) plasma carotenoids at 16 wk-old. The results indicate that if the price of high-oil corn is no more than 1.05 times that of yellow corn, the dietary cost per kg of body weight gain for TC chickens fed diets containing high-oil corn will be less, although their body weight may be lighter compared to chickens fed diets formulated with other fat sources. (Asian-Aust.
INTRODUCTION
In Taiwan, the diets of chickens are mainly based on corn and soybean meal. Other nutrients such as oil or fat, methionine and lysine, choline, minerals and vitamins are used to complete the diet formulations. In order to enhance the nutritional value of corn, new strains of corn containing high methionine, lysine or oil have been developed.
The feeding value of high-oil corn for raising egg-type chickens, (Han et al., 1987; Parsons et al., 1998) and broilers (Han et al., 1987; Adams et al., 1994; Bartov and Barzur, 1995; Benitez et al., 1999; Kim and Allee, 2003) has been well documented. In these previous studies, it was concluded that high-oil corn had greater nutritional value in comparison with yellow corn.
The TC chicken is one of the three main varieties of chicken marketed in Taiwan. Although preferred by the Taiwanese consumer the chicken, in comparison with broilers, is characterized by slower growing performance and less efficient in utilizing feed. The birds are marketed at sexual maturity between 15 and 16 wk, with typical body weights of 1,800-2,000 g in males and 1,400-1,500 g in females.
The energy, protein and amino acid contents of the diet are major factors determining feed efficiency and body composition of birds. For broilers, diets of high energy content promote rapid growth, so ME contents are generally not less than 12.5 MJ/kg (Whitehead, 2002) . Diets supplemented fats and oils are, therefore, widely used in practice to achieve the high dietary ME values.
There are no data regarding the nutritional value of high-oil corn for feeding TC chickens. This study was, therefore, designed to investigate the feeding value of HOC for TC chicken in comparison with yellow corn or other feedstuffs, which are typically included in the diets of TC chickens. The comparisons provided the information valuable in the substitution of high-oil corn as a fat source for yellow corn, corn oil, lard or whole soybean in the diets of TC chickens. The feeding value of all dietary treatments was evaluated by chemical analyses of nutrient concentrated diets, feed efficiency and cost analysis.
MATERIALS AND METHODS

Experimental design and animal diets
Eight hundreds and seventy chicks of 1 week of age (Line SDL 2 of TC chicken, bred by National Chung Hsing University) were randomly grouped into 30 floor pens with 29 birds per pen. Care of the birds followed the Regulations of the Laboratory Animal Management Committee of the university. Each was randomly allotted to one of five dietary treatments. The growing periods of the birds were divided into three periods, 1 to 4, 5 to 8 and 9 to 16 wk of ages. The 5 dietary treatments for the birds in each period of growth contained corn oil (CO), yellow corn (YC), high-oil corn (HOC), lard (LRD) and whole soybean (WSB) as their major fat sources. Yellow corn and HOC replaced each other in their respective treatment diets; hence, the apparent metabolizable energy (AME) and protein content was lower in the YC dietary treatment. Except for YC, the other diets were isonitrogenous and isocalorious in the same growing periods. The essential amino acids, lysine and methionine, were also formulated of equal concentration in HOC, WSB, CO and LRD in the same growing periods. The formulas of the diets for all periods were shown in Table 1 to 3.
Gross analyses of the diet, such as fat, protein, calcium, phosphorus, ash, and moisture were determined according to the AOAC (1980). Gross energy content was measured using an Adiabatic Bomb Calorimeter (Mode 1241; Parr Instrument Co., 1970) . The analyzed composition of highoil corn and yellow corn is shown in Table 4 . The AME was measured using 40 roosters of TC chicken fed with 30 and 50 g of either high-oil corn or yellow corn in 32 h during 18 to 22 wk of age according to the modified method of Sibbald (1975) .
Bird housing and inoculations
The birds were provided with continuous lighting and the average of ambient temperatures in the house was 28.2°C. The diets were fed in mash form and water was provided ad libitum. At day 1, chicks were administered with vaccines against Marek's Disease subcutaneously and Newcastle Disease B 1 strain plus Infectious Bronchitis (ND B 1 +IB) ocularly. At 7 days old, the birds were vaccinated against Infectious Bursal Disease (IBD) ocularly and Fowl Pox via wing-web puncturing. Booster inoculations of ND B 1 +IB ocularly, ND La Sota strain ocularly, and inactivated ND vaccine intramuscularly at 14 d, 21 d, and 7 wk, respectively.
Growth, performance and carcass composition
The body weights and feed consumption of the birds were recorded at 1, 4, 8, 12, and 16 wk of ages. At 4 wk of age, 3 birds in each floor pen were randomly selected for blood sampling via cardiac puncture (3 to 4 mL sample) with heparinized syringes and again at 8, 12 and 16 wk via wing vein (4 to 5 mL sample). Blood samples were centrifuged at 280×g for 15 min and plasma stored at -20°C for further analyses. One hundred and twenty birds, 2 males and 2 females with body weights close to the median for each pen at the designated ages, were sacrificed at 12 and 16 wk. The feeddeprived body weights (FDBW) of the birds were measured after deprivation of feeds, but not drinking water, for 18 h. The carcass weight was defined as FDBW minus the weight of blood, feather, abdominal fat pad and viscera but included the kidneys.
Determination of tissue pigmentation
The pigmentations of breast skin and breast muscle were measured using a hand colorimeter (NR-3000, Nippon Denshoku Ind. Co., Ltd.) with light source C/2° and standard white plate at X=92.29, Y=94.17 and Z=108.97. The readings of L, positive a, negative a, positive b, and negative b were defined as light (L), red light spectra (a+), green light spectra (a-), yellow light spectra (b+) and blue light spectra (b-), respectively. Chroma was calculated according to Lai and Lin (1993) as: Chroma= The greater the chroma value was the more intense the pigmentation in a tissue.
L, a, and b values of the skin on both right-and left-side breast of the carcasses were determined at 12 and 16 wk of ages. The eviscerated and skinned carcasses were stored in freezer at -20°C until determination of breast-muscle weight, and thigh-muscle weight as well as the L, a and b values of both right-and left-side breast muscle after skin removal.
Determination of plasma pigmentation
Determination of the optical density of the plasma, an indicator of the extent of pigmentation, was determined by a modification of the methods of Wilson (1956) and Ruff et al. (1974) . Briefly, 0.5 ML of plasma after being thawed for 10 h at 4°C was added to 4.5 mL acetone to precipitate the protein followed by centrifuging at 720×g for 12 min. The optical density of the supernatant fluid was measured with a spectrophotometer (Hitachi U-2000) at 445 nm. 
Statistical analyses
The data obtained were statistically analyzed with the General Linear Model Procedure of SAS (1988) . The predetermined level of significance was p<0.05. The leastsquare means of the treatments were compared with each other to test the significance of the differences. The variables which exhibited overall significant differences among the 5 treatments were further compared using predetermined orthogonal contrasts.
RESULTS AND DISCUSSION
Growth performance and feed consumption
The results indicated that birds consuming high oil corn containing diets were not significantly different from those consuming yellow corn containing diets in terms of body weight gain, feed consumption, and ME efficiency for body weight gain between 1 and 16 weeks of age (Table 5) . The HOC birds, however, exhibited an 8% improvement in feed conversion ratio compared to the YC birds (p<0.05) during the period. There were no significant differences in body weight gain, feed consumption, feed conversion ratio, and ME efficiency for body weight gain among HOC, WSB, CO, and LRD which were fed on an isocaloric and isonitrogenous basis. Similar results have been reported in broilers (Han et al., 1987; Bartov and Barzur, 1995) and single-comb Leghorn layers (Han et al., 1987) . The birds were not significantly different among the five dietary treatments in body weight gain, feed consumption, and ME efficiency for body weight gain during over all period, say 1 to 16 wk-old, though they did have different growth performances in some intervals of the entire experimental period. No proper explanation for the inconsistent and drifting outcomes.
There was great variation in the body weight gain, feed conversion ratio, and ME efficiency for body weight gain of birds fed a diet containing heat processed whole soybean, WSB, from one growing period to another. Since the whole soybean used was a heat processed one, thus, antinutritional factors, for instance soybean trypsin inhibitor, should not be the first priority to suspect that they would be the main causes to result in the wide variation of growth from one period to another. One explanation could be that whole soybeans contained approximately 18% fat (Dale, 1995) , of which unsaturated fatty acids are the main components. If these unsaturated fatty acids undergo peroxidation during storage, they could exert adversely effect on the growth and performance of the chickens as proposed by Anjum et al. (2002) . This is especially true under a hot and humid climate like Taiwan has. In contrast, birds fed with diets containing high-oil corn had less variation in growth performance, which could be attributed to less fat content (6%) and a greater vitamin E content of the feedstuff per se (Weber, 1984) .
Plasma carotenoid content and tissue pigmentation
The pigmentation of breast skin and muscle is in Table 6 . At the very beginning and during the processes of breeding TC chickens, most of the birds selected were white-skinned. Results indicated that the breast skin of TC chickens has a slightly green light spectra regardless of the diets fed to the birds. This suggests that the breast skin of TC chickens does not have the capacity to accumulate carotenoids, regardless of how much pigment is absorbed in the diet.
The plasma carotenoid content expressed as optical density value is shown in Table 7 . The plasma carotenoid contents among the five treatments were not different at 4, 8, and 12 wk-old. Birds fed with high-oil corn containing diet comparing to those fed with the other diets had significantly lower carotenoid content in plasma at 16 wk-old. Han et al. (1987) , however, reported that broilers fed diets containing high-oil corn instead of equal amounts of yellow corn had significantly greater plasma carotenoid content. The storage sites of absorbed total carotenoids could be liver, plasma, skin, leg or unabsorbed egg yolk in chicks (Wilson, 1956; Ruff et al., 1974; Allen, 1987; Allen, 1992; Haq and Bailey, 1996) . Assuming that the price of high-oil corn was equal to that of yellow corn, which was 7.2 NT$ /kg in this study. 2 Basing on that the price of high-oil corn was 5 % higher than that of yellow corn. 3 Basing on that the price of high-oil corn was 8 % higher than that of yellow corn. 4 Basing on that the price of high-oil corn was 10 % higher than that of yellow corn.
Dietary cost for body weight gain
According to the previously described growth performance of TC chickens, taking the variables, such as the body weight gain, and feed consumption, as well as the prices of the various experimental diets together, the costs of experimental diets for all the periods were able to calculate. The costs for each kg of body weight gain calculated are shown in Table 8 .
High-oil corn is not a popular feedstuff in Taiwan. If the price of high-oil corn stays below 1.05 times of that of yellow corn, our data suggest diets containing high-oil corn would represent a least cost formulation, although HOC diets may not result in the greatest body weight gain.
